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(54) Tltlei METHOD FOR CASING A WELLBORE 
(57) Abstract 

Casing (1$) is innaUed in a well in a folded collapsed condition by uncoillnc 
it from a reel (87). Two strings of tubing (27. 29) extend continuously thiough the 
co^^ casmg. One of the strings of tubing (27) is coonected loa cemeot ^ (|9) 
aitehlower end of the casing. An opening tod (31) Is located above the cemcm ahoc 
(19) and includes a piston (33). TTm odicr string of tubing (29) extends to a pressure 
ch«nbcr (33) that is between the piston (33) and Ae ccrnem shoe (19). Alter the 
casing (15) is lowered with a running tool to the desired depth, cement is pumped 
down the Arse siring of tubing (27), which flows back up the annulus surTOundina 
Che casing. A liquid is then pumped down the second string of tubing (29) into 
^« ^^^^ ^ P^«*°" (53) to push the conical fonning head 

upward (38. 39) relative to the casing (15) and the strings of tubing (27. 29). The 
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METHOD FOR CASING A WELLBORE 

T^hpicM field 

This invention relates in general to installing well casing in oil and gas 
wells and in particular to a melhod involving fabricating and collapsing casing, running 
5 the collapse! casing into the well and opening the casing into a cylindrical 
configuration. 

Background An 

Oil and gas wells are typically drilled by insulling a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with anc^her smaller 
15 diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole v^l and to prevent undesircd 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole arc more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and running casing in forty foot section is time consuming. 

30 Liners are employed in some weUs. A liner is shnilar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full leogth casbg installed. 

3^ Coil tubing imits permit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubbg and lowers it into the wdl as it is uncoiled from the reel. Coil tubing is 
used to circulate fluids into wells for various purposes. However, it is seldom used to 
serve as caang due to its small diam^er. Coil tubing is smaller in diameter than 

40 typical casing, which have usually a mmimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
(fiametcr or larger. 

Disclosure of Inv ention 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and iwelded longitudiiudly with at least one string of continuous tubing 


coNHRM/ff ION conr 


WO9&07957 


- 2 - 


PCniBm0994 


10 


msertwl during the manufacturing process. Alternatively drcular pipe sections about 
forty feet long are ^cW together and strings of tubing are tlJ^S^Se^e 
casing .s then coHapsed wth the tubing located therein and wound on a small reel due 
to Its small height by comparison to its nominal diameter. The upper and lower end 
poruons of the casmgs are gej^erally formed in a somewhat cylindSSi confiSon 
An opening tool .s located m the lower end cylindrical portion. The opening SStes a 
piston jmd a corneal forming head located above the piston. A pre^ cSmbS is 
created below the piston in the lower end pottion of the casing 

The casing is deployed from the reel and folded in a horseshoe shaoe nrior to 

down the tubing into the pressure chamber to open the casing into a cyHndricTsS)? 
The fluid presaire acts against the piston to push the opening tool upwS^ tWs 
cau«s the head of the opening tool to form the casing from the collapsed/fold^ 
X. tTi^S'Sorh:^^ Informing tool and theUngtl 

Pr^abty. two strings of tubing are installed in the casing while it is beine 
manu&cturcd. One of the strings of tubing serves to pump a c«nent slurry dV^ 
through a c«»nent shoe located at the lower end of the casing. The cement flows back 
up the annulus suTOunding the casmg to cement the casing in place. Then fluid is 
20 pumped down the other string of tubing to open the casing. 

Also alter the opening tool reaches the upper end of the casing, a forging tool 
IS lised to expand the upper end cylindrical portion of the casing into a metal to metal 
sealmg engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this imrolves releasing the running tool from the upper end 
of the casmg after the collapsed portion of the casing has been expanded then 
lowering the forgmg tool located above the running tool imo the casing. Fluid is then 
pumped down to radiaUy foige the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening too! includes a forming head with a conical body with flutes 
Balls roll along the flutes in roUing engagcmcm with the casing wall as it is bems open 
to a cyhndncal configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roU from the flutes into a lower ball passage an axial 
passage, into an upper passage, and back into the flutes in a cominuous cycle 
Altematwely. the forming head comprises a conical body with thin dual conical 
35 segments to increase the formmg head diameter 

Brief Description pf Drawin gs 

Figures I A-ID comprise a vertical sectional view of an assembly for caaiu a 
wen. inclu(fing a collapsed string of casing being instaUed in a weU along with a 
40 nmningtoiriandanopeoingtool. 

Figure 2 fa a cross sectional view of a portion of the running tool of the 
assembly of Figures lA-lD. taken along the line 2-2 of Figure IB. 

Figure 3A is a sectional view of another portion of the running tool of the 
assembly of Figures lA-lD. taken along the line 3-3 of Figure IB. 


2S 


30 


45 


Figjire 3B is another sectional view of the ninning tool taken along the Une 3-3 
(tf Figure IB, but showing the lunning tool shifted to a released position. 
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Figure 4 is a sectional view of an mtcrmediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure IC, taken along the line of 5-5 of Figure I C. 

Figure 6 is another sectional view of a portion of the opening tool of Ficuic 
I C, taken along the line 6-6 of Figure 1 C. o s ^ 

J'ff.^ ^ is a sectional view of the cement shoe of Figure ID. taken along the 
Ime 7-7 of Figure 1 D, ® 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
Figure 1, shown after cementing and during the opening of the imcnnediate portion of 
the casing. 

9-9 of iSre 8A ^ ^ sectional view of the assembly of Figure SA, taken along the line 

, c ini A rif"'^ '! "^^"^ ""^^^^ ""^^^y taken along the fine 

15 10-10 of Figure 8A. 

Figure 1 1 is a sectional view of the assembly of Figure 8B. taken along the Une 
11-11 of Figure 8B. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
I A, shown towered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packets of Figure 12 taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A-ID, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures lA-lD. 

Figure 16 is another schematic sectional view of the casing of Figure lA-lD 
showing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casiiig of Figure 16 

showing the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of iMgures 1 A-ID with a dual layer configuration. 

Figure 19 is a schematic view illustrating the colhqpsed casing of Figures lA- 
35 ID being uncoiled from a red, folded in a horse shoe shape and lowered into a well 

Figure 20 is a flattened sectional view of the casing of Figure 19. shown alone 
the line 20-20 of Figure 19, ^ 
Figure 21 is a folded sectional view of the casing of Fisure 19. shown alone 
the line 21-21 of Figure 19. ^ 
0 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Figures 1 A-lD. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool including expander segments. 

^ Best Mode for Canviny Out the f nvcntinn 

Referrii^ to Figures 1 A-ID, the well illustrated has a cased section 1 1 which 
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has already been cemented in place and an open hole section 13 wtiicli extends bdow 
^sedsecuon ll to the target depth. A continuous string of casing Is SS^"^ 
l^H nS*"" If f"^' " ^ portion 15a at the lowS 

. '^^'^'^'^[^P^^^^'^^r^l^ Casing 15 has an intermediate ponion lSbX 
5 extends from the lower end portion upward, typically several thousand feet, to an 
upper end pomon 15c. Upper end portion 15c overlaps the lower poln^f ^ 
secuon 1 . Casmg lower and upper end portions 15a. 15c each are som^ 
cyl.jrfr.cal wth ax« y extending comigalions 17 as shown in Figure 5.^o^gSon 
17 are strath axially attending channels on both the inner and outer diaS of 

peaks 17h Intermediate portion 15b. shown in Figure 4. is collapsed and folded 
h^g a b.ght 18 Uw« airv<» inward and touches the opposite side. ^^8.^^; 
arcuate when lowered into the wdlbore. B^eiwiy 
Referring to Figure ID. a cement shoe 19 is located at the lower end of casina 

fT,rS l^*-. u^""^' P^""*^ - «»P 8 '5 and is^f 

of dnilable matenal with a cementmg port 20 extending axially through it A metal 
stin^ 21 engages sealingly imo the upper portion of cemenung port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement sluny thiouch 
canenting port 20 which flow back up the annulus space surroundmg the casins 15 as 
20 mdicated by the aiiows. Stinger 21 has ako some flow ports 25 which are isolaied 
trom conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casing 15 and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly a fill-up 
tubmg 29 «ctends continuously through casing 15 and has its lower end copied to 
25 stmger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are. conventional 
metal coiled tubmg strings of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 1 5a. shown in Figure 
IC. above stinger 21. Opening tool 3 1 includes on its lower end a piston 33 Piston 
33 18 an elastocneric cup sliding seal, which has straight axially extending giooves on 
30 us extenor for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27. 29. A pressure 
chamber 35 is located m the space suirounding stinger 21 above cement shoe 19 and 
below piston 33. In the ninning-in position, as shown in Figure ID. pressure chamber 
35 IS at Its mmisium volume. A cylindrical metal piston head 37 extends upwani from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end ponion 1 5a at valleys 1 7a. 

Opening tool 31 has a tapered or conical fonning head 39 tfiat tapers from a 
smaller diameter upper end to a larger diameter at tower end. Head 39 has vertical 
flutes 41 which align with valleys 17a, as shown in Egure 5. A plurality of balls 43 
40 roU down flutes 41 of head 39. Balls 43 are movable through two axial passages 45 a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49 
Piston head 37 initially is in a lower poation within a sleeve 48 of head 39. providing a 
chamber for a number of balls 43 as shown in Figure IC. When pisbm bead 37 is 
pushed upvwd, until it will enter in contact with a flange 50 of head 39 as shown in 
45 Figure 8A, it will push the balls 43 upward through axial passages 45. B8]ls43move 
outward on upper baU passages 49. down flutes 41, and back inward in lower ball 
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passages 47 to axial passages 45 in a continuous cyde as body 39 moves upward in 

Casing 

Referring a^n to Figure IC, opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the mimmum inner diameter of casing lower end 
5 portion 15a. which is measured at valleys 17a Balls 43 will engage vallevs 17a when 
contained in flutes 41 and bend the casing wail to line up with expanded oeaks 17b 
While at the upper end of flutes 41. the diameter from one ball 43 to an opTosite ball 
43 is substantially equal to the diameter between vaUeys 1 7a. When balls 43 are at the 
lower ends of flutes 41. as shown in Figure 8A. the outer diameter of forminR tool 3 1 
measured from one ball 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 
Co,«equently. balls 43 pudi valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 

Due to U» relative stiffiiess of the casing metal wall, the intennediate portion 
15b IS opened from its folded configuration ahead of the opening tool 31 and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rollmg on flutes 41 of the conical forming head 39. 

Refen-ing to Figure 1 B, a running tool 55 is located at the top of casing upper 
end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a m the upper inside end of casing upper end portion 15c 
Because of comigations 17 and grooves 58. threads 57 will be discontinuous and 
«5 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59. which has a smooth 
qrlmdrical exterior. Outer sleeve 56 has a J-pin 61 that protnides inwanUy into an 
elongated U-shaped J-slot 63 fonned in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second 1^ 63a joined at the bottom. During ninning-in of casing IS J. 
pm 61 wiB be at the upper end of the first leg 63a and maintained in this poshion'by 
Ae waght of the casmg 1 5 hanging on the ninning string connected to the hmer body 
59. After casing mtermediate portion 15b has been opened, the weight of the casing 
15 IS supported by the numerous contacts witli the inner wall of the borehole After 
opemng has been completed, the operator will lower the ninning string 72 which 
lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the lunning string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the an-ow in Rgure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b. aUowing numing tool 55 to be lowered into casing upper end portion 15c. 

0 *^»™»n8 tool 55 has a main supply passage 64 connected to the passage in the 

lower part of packer string 69 which extends into inner body 59. A cement slurry 
passage 65 (Fig. 3A) connected to tubing string 27 is k)cated in nuiniog tool 55 and 
can be connected to the lower end of mam supply passage 64. Similariy. a fill^ip 
passage 67 connected to tubing string 29 can be connected to the lower end of main 

5 supply passage 64.. 

Inner body 59 of runnmg tool 55 is connected to the packer string 69 by 
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threads. The upp<T part of packer string 69 features a ccntndizer 70. Two or more 

•^E S^^f* J """^^ ^'''^ P'^'^"' <59 between centraJizcr 70 and 
inner body 59. Forging packers 71. when supplied with high intenuil pressure from a 
down hole pressure muhipKcator (not shown), will inflate and radiaUy expand t J 
ptot.caUy forge the .^er end of casing upper end portion 1 Sc. as shown i Fi^e 12 
Hydraulic passages 73. «ctending through packer string 69. can be connS^a 

rrS!Ln?''ST' ""'^ ^"PP'y 64 within Z^^tZ 

inner body 59. Faker stnng 69 is connected at centralizer 70 to a the ninmng strinR72 
wtach extends to the surface. Preferably, running string 72 is another ^ S,ed 
uAing wro«n«ely two inches in diameter. Packers 71 have external Ja I^^ 

JiT? I!?" '^'^ ^'"^ "PP«^ ^ P<^°" »5c when ^^7l 

are low^ed into upper end portion 15c with the centralizer 70 landed onioTof the 
casuig 1 5c as shown in Figure 12. «« on lop ot tbe 

v,l«,.7^^7*°^io ^"^'^ ^•J." ^'^^^'"^ embodiment, electrically actuated 
yaives />, 77 and 79 are mounted m running tool inner body 59 (Fig. IB) Valve 75 it 
m s^uny passage 65 end opens and cteses flow to tubir« 27. Valve 77 is in ooeninB 

29. Valve 79 15 m pressure passage 73 for opening and dosing pressure fluid from 
mam aipply passage 64 to forging packers 71 (Fig. 1 A). Electrical valve control wir« 
(not shown) extend through coiled nmning string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraufic fluid to valves 73, 77 79 to oren 
and close them when electrically actuated. Pumps 80 on the surface, which could be 
either cement or mud pumps are used for delivering pressure fluid down main suodW 
passage 64. '^^^ 

cri "5'"S 15 is fabricated by drawing a first metal 

strip 81 from a reel and bendmg two edges down around two laterally spaced aoait 
paraUel commuous strings of coil tubing 27. 29. As shown in Figui* 16. the edgeswe 
bent over and welded at seam 82. The upper side is bent into a concave shape 
^""'^"S scam 82. while the lower side is flat. Then, a second strip 83 is drawn fioma 
30 r^andbOTt to have upturned edges. As shown in Figure 17. second strip 83 is then 
bent by roll«s around first strip 81 while first strip 81 is in the configuration shown in 
figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is douHc-walled and has a fiat side 85 that extends 
^ttwttti paralid tubing strings 27. 29. generally tangent to outer diameter portions of 
35 tubmg stnngs 27, 29. 

The use of two walls for casing 1 5 reduces the amount of strain that would 
oUieiwise occur during opening pUstic deformation with a single wall casing having 
the same total thickness. Three or more wafl casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
40 ejrtemal pressure. Known friction enhancing techniques such as sur&ce stamping, 
suifece treatment or coating are desirable to offer adequate external pressure 
capabUity when opea Also the circumference of the external waU can be made slightly 
smaller than the previous one to offer adequate fretting of the wall when casing is 
Open. ^ 

45 Casing 15 wiU be coiled on a reel 87 (Fig. 19) ivhile in the configuration shown 

in Figure 20. Red 87 is a large member capable of holding up to 5000 feet of casing 


10 


15 


20 


25 


W09MI7957 


- 7 


PCT/IB97/00994 


15 


20 


15 which has a 5-1/2 inch external diameter when expanded to a cvHndric^ 
configtmiaon. Figure 18 illuar^tes corrugations 17 which arc fom^^ on both 
upper and lower end portions 15c, 15a (Fi<-s IB 1D\ h« « r^n^ • 
operation. TU. upper and U,wer end ponZlslXl'^l^. en^eSy^S 
although cornigated. The stnugte upper and lower end portions 1 5c iLW^T^ 
few feet m length and are not wound on reel 87 duA» transpSation^m^! 
manufacturing plant to the well site. ^ i™nsportatton from the 

firc» n-^lT '''t'"^* '^^"^ ?^ «»^"8 intennediate portion 15b will 

F^e20to.hefoldedconapsedcoW^^^^^^^ 

18. and positions tubing stnngs 27. 29 closer toward each other. n,e maxi^m S 
o cmtg intermediate portion 15b in the rounded coDapsed configJTnTr^ ^ 
21. B ess than the inner diameter of cased section II (Fig. lA). ThVmSmJmS 
of casmg mtermediate portion 15b while in the collapsed flattened SS^^ of 
Rgire 20 IS grejer than the inner diameter of cased sLtion 11. SsSKS. the 
folding rollers 89. a grippiie a™j pushing mechanism 91 is employed Sefoldk^ 
pushmg mechamsm 91 is constnicted generally as in a conventionJlS^tubhjJ^„1 
mechanisms^ It gnps casing 15 without deformation, pulls it from reel 87 JdTS 

"^"^ 21. resists the ;o^S^ 

apphed by gnpping and pushing mechanism 91 while being pushed into the well 

Dunng installation, casing 15 will be uncoiled from reel 87 and puriied bv 

25 orrJn , . 'T/^."^"^ ^^^^^ '^^^"^'y «> that the upper end 

25 of portion I5c extends mto cased section II (Fig. IB), overlapping it^era 
substaatuU le,«»h. VaWes 77. 79 are dosed and valve 75 (FiJ . 22) is o^^'ai^ 
p«mp 80 pumps a cement sluxty 92 (Fig. 9) down the pisJge L, 65^^^ 
valve 75 and down cement sfamy tubing 27. As shown by the arrows in Fi^e W 

^rr^ *^ P^** 23. 20 and flows up the annuirspace 

surrounding casing 15. 

A selected vohime of cement will be pumped based on an estimate of the total 
rln^J °I the stilus ^ if casing 15 had aheady been opened to the cyKndrical 

i^iSiLT ^f'^^w ""f^ ''^'"'"^'^ configuration of casing 

intennediate portion 15b. a much greater annulus volume initially wiU be presem 
around casing im^iate portion 15b, as shown in Figure 9. facilitating ciniion 
Cons«,uently. mit«lly. cement 92 will normally not completely fill the a^uhis to the 
Zf l^ "PP« portion 15c. During the pumping of cemem. displaced drilling 
fluid or returas. wUI flow up the corrugations 17 of the casing upper <md section 15c 
"'«>r*^,n«^8 tool 55 flow by ports 60. The retun« flow up 
w A^suria^*^ P«tes 71 and around the annuhis surrounding running string 72 

fh,.hinJ^Z vohime of cement slurry, a selected volume of 

flushmg fluid will be pumped down cement slurry tubing 27. The volume is selected to 
be just the amount needed to push cement sluny fix>ro conduit 72, tubing 27 and 
stinger 21 into the opea borefaok but substanttaliy no more. The valve 75 is then 
closed and valve 77 Is open. Drilling fluid is pumped down conduit 72. which flows 
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through passages 64. 67 and down fill-up tubing 29 The fluid flowc o..* • 
pressure chamber 35, shown in Figure ID. ^"""^ ^""^ ^ 

As shown in Figure 8B. the fluid pushes upward on piston 33 whirh cUa 
upward relative to tubing strings 27. 29. Piston head 

with Figure 8A. Once in contact with flange 50 the force cJrt-^ kV, u . 
bepns to push the opening too. 31 upLi '^le Z^'^nST^^'''"''' 
stationary. Due to the engagement of balls 43 with hSl9 2d L^L f 
portion lSa^balls 43 are forced to roll down the i.^^^^ 

body 3r.^"s^s::t'?;^/s?Vp^:r<L^?^ 

intermediate portion 15b. BaOs 43 wilf'^LTt^' "fjT. "T^LT!? 
^nfi^at^n of Fi^e 9 to the c^JLTn^^JTv^.T^J^t 
c«.ng expansion process, the annulus surrounding casing imeS^iate porton S 
decreases, pushing cemem slurry 92 upward, and returns will flow up ^^^12 
?o"^^flr"'^"^^°''' 17of casing upper em. portion IScanS*^ sLtTf 

seal between casings when they will be later forged together As fonninn toni -Ti 
moves upward, the volume of pressure chamber 35 incre^ mT^^^J^ •. 
continue for the entire length of the casing which could «S^erJt,SS«"" 

coin. hflJn^T/ ^" '^'^ ^"■■"fi P°«ion ^aTJus 

point balls 43 will push outward on valleys 17a to round the corrugated configuration 
7 mto a cylindncal configuration in the same manner as at casing lower mdSon 
15a. Fonning tool 31 wfl. eventually contact the lower end otr^^to^s^^ 
protrude a short distance into casing upper e«i portion 1 5c sho^n F^Ib 

The ruanmg too. 55 wiH be released from threads 57 by letting SnninK strinc 
72 go dowB a short distance, then pulling upward White lo^ XgTt^27 
29 will ^.al slightly lUong their lengths to accommodatelmtmpJriJr^Ae 
°^*™«^ ^ 59 relative to outer sleeve 56 cauL 6. to 
oZl^^^ '° "^1 When this occurs an incrementi! amo Ji^ 
of rotation of sleeve 56 occurs relative to inner body 59. This rotation as ilhistrated in 

running tool 55 from casing upper end portion 15c. Grooves 58 on outer sle^6 
will now be aligned with valleys 17a. ^ 
The operator then again drop running suing 72 to place forainie nackers 71 
^^pper end portion .5c as shown'in Fi^ ,2. l^T^'S^ 
fj^TS^^'sTZ rJ^ extonal grooves 74 (Figs. I A, IB) with conu^ns 
iIU??T< o i'^ P^*" P"" downward witiiin casing upper end 

i*'/"'?'^ ""'^'y "P"^ inner diameter of casJ Sn H 

dosed and v^ve 79 open (Fig. 22). Pressurized fluid iVwpplied with mud pumrso 
Uu^^ funmng sti»g 72. Thfa pressure which wiU be multiplied by a laZ. pr«su« 

upper end portion 15c out mto a tight gripping and sealing engagement with cased 
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section 1 1 . 

The fluid pressure is then bled off to allow fofging i»cken 71 to retract Th,. 
mnning sjnpg 72 u lifted to pdl up tunning tool 55 fubi^g strings 27 2?^^: 

of the well and reel back on the reel 87. Figure 14 iUustrates casing 15 vSout Z 
ZI T. 7""^'- ^"^"S. hydrostatic pressure tests can theTteineTgS^^ the 
^e and dnlhng can resume just aaer. Also. Figure 14 shows that cased S n 

93. Cased section 93 is shown to again be an expandable type instaOed in thT^Z 
m^er as desctibed atul located within a conduCo'r 95 th^^Slo a wdS 

J« ii« J'* ?T^* alternative design for the opening tool 3 1 where 

m heu of balls on lacUned flutes which circulate in a cyde eLuKli A«i 
segments 34 and 36 slide downward fron, an upperr:tS pSnVt^^TTol 

bottom of the corneal fonnmg head 38. The segments 34 comprises a main sient 

^llJi L Segments 36 whS 

complete the expandmg rmg 30 (Fig. 24) slide on its own retaining guide 38c S2 
atta^ed on Ae conicd forming head 38. A stabilizer 38d is attached onCtop oft^ 

conugated poruon for easier installation of the opening tool. The finoers of the 
^bihzer 38d bend when the tool is pumped up alIowingl= segm^nuSrnt^ t 
««n8 mtemal surface. The dual conical segments 34a, 34b and 36 can be n«de of 
Sn'gTr" °' " *° P"^"" when operating tiL 

ff*-.^^ ^"^on'eric cup sliding seal with straight axially 
extendmg groove to ft the corrugated end straight section of the caTg 3 
comprue two parts: a metal support washer 33b which is corrugated and boiled to a 
ctetomenc paddng element 33c and a lip type seal 33d. Figuie 24 iflustmes the 
deformation of the piston 33 wkh the support washer 33b ^ flattened TaS 
el^c parts 33c and 33d deformed to cylimlrical external stSfkces b/the^flS 

The invention has significant advantages. As can be seen in Fmure 14 the 
difference m the inner diameters of one cased section to the next upward Led se^on 
.s no greater than the wdl thickness of the lower cased seioa m t^cS 

r f^T ""'"8 to another. rilJSg^.^ 

monodttmeter dnllmg. ft allows a smaller cased section at the top of the weU fo? a 
given bottom diameter and depth than prior art wells. Monodiameter S aUows 

diameter smngs than in the pnor art. The method can be performed without the nS 
for a ho«ttng mast if drilling is done by turbine driven drill ^on^eZwSg 

While the invention has been shown in only one of its fonns it diould be 
apparent K^ Uiose skflled in ^e an that it is not so lirited. but is susS-k to JSoS 
changes without departing from the scope of the invention. For example, rather tZ 
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cofled tubing running string 72. if a hoisting mast is available. coiiv«.nfi«n.i a •„ ■ 
may be used. In that event, rather than elcc^S iSS^^^^'^^ 
accomplished by baBs or darts down the condur64T?^teT doLl^"' 
parages. Also, rather than elastomeric packers for ex^X^ L 
porfon. other pressure actuated meul radially expandabk n«mLs n^^ b^e^^^^^^ 
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Claims 

1 An <q,parBtus for casing a well, the improvement characterized by the combination of 
a contmuous metal casing (15) that is wound onto a red (87) im^T^Ti 
collapsed configuration (Fig. 20); • /; into a generally 

^ deploying means (Fig. 19) for deploying the casing from the red into the well; 
2. The apparatus according to claim 1 wherein th.. 

P3, „ p«» ^ opting u., nSl^-^cS'^^^rr 
the colUp«d oon£tur«ia. in» . cy6ii<WcaW,g,,,,,ior^ cm* (15) ft<»„ 

om?" ^PP*"^^' according to claim 2. wherdn there is. at least one strine of tuhim. 
(29)Jc«^^de the casing a^ltheopening^^^ 

5^ The apparatus according to daim 4, wherein the opening tool (31) is located in a 
dosed lower end portion of the casing (75a) with the p^Ssure chm^ (2^^ J 
and the flutd « pumped down the string of tubing (29)Lo thl S^SfiSt «5 
actmg against the piston (33) to push the opening tool (31) upwid ^ ^ 

6. The apparatus according to claim 4 wherein th*r* >r« r 
^durrydownt»«tub4(27XwhickflrjL^:;ra^S^3^^ 

7^ The apparatus according to daim 2. wherdn there are means on the opening tool 
(31) for engagmg the collapsed portion of the casing in rolling ^n^^V^ 
opemng tool bends the casing wall irtothegenerallyc^ndricdwSSr^ 

f: , 7^ fPPmtus according to daim 2, wherdn there are means on the o»«nino t~,i 
(3 1) for mcieasing the dianieter of the conical forming he.d^35? 

9_ The apparatus according to daim 8. wherein the means to increase the diameter „f 
U>e corned forming he«l (38) ate expander dud cone conicd segS.^4a.1S 36) 
located m a retiBcted position and a,* staggered fimher up Sin coSS iSl ^ 
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conical forming head (38). 

10. The apparatus according to claim 9, wherein external surfaces of the conical 
segments (34a. 34b, 36) are ceramic. 

riT^Lf'"'"''"!"^'*"^ "^"S 05) i/on the reel 

(87 . the casing has a generally flattened configuration (Fig. 20) and wherein S 
deploying „,eans (Fig. 19) also comprises bending means bending tre fl«te.«d 
configuration of the casing into an arcuate generally horseshoe configurat Ln (pt^ 
as the casing (15) .s deployed fixm, the reel (87) and prior to entry into the weir ^ 

liiV^!^^^ according to claim 1 1, wherein there are two strings of tubing (27 
29) located inside the casing at both ends of the flattened configufation(Fig. 20) 

IS 13. The apparatus according to claim 1 . wherein there are: 

a straight upper end portion of the casing (15c) that is generally cylindrical 
a running tool (SS); 

the casing"*^'* '° **** "PP" ""^ °f 

m^ns for atuching-the running tool to a running string (72) for lowering the 
casing in the well; e> ^ 

the reieasable means rdeasii^ the running tool (55) from the upper end of the 
casing after the casing has been opened into the cylindrical configuration for retrievinis 
the running stnng (72) and running tool (55). 

14. The apparatus according to claim 13. wherein there are: 

at least, one string of tubing (29) located inside the casing and the openine tool 
piston has sealing means (33a) around the ttibiiig. 
30 tool securing the upper end of the string of tubing (27. 29) to the running 

means to retain the opening tool on the string of tubing; 

the reieasable means releasing the running tool (55) from the upper end of the 

S^"* ^ ^^2^' (30 and the string of 

tubing (27, 29) after the ca»ng has been opened into cylindrical configuration. 

15 The apparatus according to claim 1. wherein the well has an upper cased section 
(H). and whercm the apparatus ftjrther comprises means (71. 74) for plastically 
deforming the upper end of the casing (15c) into engagement widi the upper cased 
section of the well ( 1 1). 

16. The apparatus according to claim I. wherein the casing comprises at least two 
concentnc sleeves (81. 83) in tight contact with each other. 


20 


25 


35 


40 


45 


17. The apparanis according to claim 3, wherein the corrugated casing straight end 
portion (15a, 15c) comprises at least two concentric sleeves (81, 83) in tight contact 
with each other. 
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18. The apparatus according to claim I, wherein there arc: 
first and second strings of tubing (27. 29); 

, . *.."'n^"°llf ^^^^ an'intermediate ponion (I5b) formed in 

J?^^"^"^ •"'^ ^"'l brings of tuC 

contained therem and laterally spaced apart; ^ 

the casing having a generally cylindrical lower end portion (15a) 
an opening tool (3 1) located in the lower end portion which ha^ a piston (33) 
and a conical forming head (38, 39); ^ ^ ' 

^.h! """" ^'^^ ''^ ^"^ P""""" 'he piston (33) which can 

be made m communication with at least one string of tubing (27)- 

• . A-^'^Tl "^'^ ^^^^ portion of the casing below the 

m^ . "a /^i^'^? "»^'' portion of the casing, the fir« 

running tool (55); the running tool (55) being secured to a running string (72) foj 
looming the nmnmg tool (55) and the upper end portion of the caing (15c) in the 

portion of the casing (15a) m the open hole section of the well (13) 

f""! "^"P"* "^"^ ^^'^ pumping cement down at least one string of tubinn 
(27) and out the cement shoe to return up the annulus sun-ounding the casing- 

(7Q^ intn*!!, """'""^ a fluid down at least one siring of tubing 

S n n "'T"^ chamber which acts against the piston (33) to push L opening 
tool (31) upward relative to the casing (15) and the string of tubing, causinTthe 

tT^L Z' ^','* "^"^ '° ^ ^="'"8 « '*e intenidiate ponSn 
mto a cylindrical configuration; and k w 

«s|ng (15c) and remevmg the runnmg tool (55) . the opening tool (31) «»d the first 

nS.T r ^^ l ''^^ intermediate portion of the easing 

( 1 5b) has been opened into the qrlindrical configunuioa 

19. A method for casing in a wellbore. comprising: 

a reel (8*5^°"^"* * ^"^^ "sing (1 5) and windmg the casing onto 

lowering the casing from the reel into the well (Fig 1 9)- and 
configu£°* ^'^^ configuration into a cylindrical 

20. A method acconfing to claim 19. fiirther comprising- 

pladi« at tost <me string of tubing (27) iirto the metal tubular casing prior of 
couapsmg and winding the metal tubular casing onto a reel (87)- 

™«n„ r^V^ * ^- "^r*"" °^ "^"8 °P«*« tool (3 1) which has a 
p^n(33) and a coniod fonmng head (38. 39) and providing a pressure chamber (35) 
between the closed end pomon and the piston (33); 

lowering the casing (15) from the reel (87) into the weB; and puiiipii« a fluid 
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21. A method according to claim 20. further comprising 

pumping a fluid down tlic tubing into the oressure chamW i.- ^ 

against the piston (33) to push the o^g t^o\^r£tZ he "c.? 
causing the fonning head (38. 39) to grow to its nom LS a 
a«.dH«^cas^.omt.;ec;.U^S^~"^^^ 
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